Introduction 26
Nowadays there is a growing concern about the negative effect of surgical castration of 27 pigs without anaesthesia on animal welfare. In 2008, across Europe the majority of male 28 piglets intended for pork production were castrated to avoid potential consumer 29 dissatisfaction because of boar taint. At that time, castration was performed in most of 30 the EU countries on 80-100% of the male pigs in conventional production, and surgical 31 castration without anaesthesia was the most common technique (Fredriksen et al., 32 2009 ). The exceptions were United Kingdom and Ireland, where castration was hardly 33 performed, and some southern countries such as Cyprus, Portugal and Spain, where a 34 limited percentage of the male pigs were castrated in comparison to the other European 35 countries. Since then, some countries have taken an action to avoid piglet castration 36 without anaesthesia not only for welfare reasons, but also because the production of 37 entire male pigs decreases production costs and results in higher meat content of the 38 carcass (EFSA, 2004; PIGCAS, 2009) Declaration on alternatives to surgical castration of pigs (DG-SANCO, 2010) . 46
Consequently, entire male production is one of the alternatives and therefore, an 47 increase in the production of entire males would result in a positive impact on the 48 production efficiency and carcass composition. But as a consequence, more tainted 49 carcasses could enter to the meat chain. A number of consumer studies have been 50 carried out in order to ascertain the acceptability of pork from entire male pigs in 51 different countries and using different methodologies as was reviewed in (EFSA, 2004 ) 52 and more recently, by Font i Furnols (2012) . The two main compounds responsible for 53 boar taint are androstenone (Patterson, 1968) and skatole (Vold, 1970; Walstra & 54 Maarse, 1970) . The respective contributions of these two compounds vary depending on 55 the characteristics of the meat evaluated, procedures for preparing the meat, the ability 56 of consumers to perceive androstenone among others, as was been reviewed by Font i 57 7 as blocking effect and consumer as random effect. The interaction Type of animal and 156
Country was removed of the model because it was not significant (P<0.05). Differences 157 were also declared at P<0.05. 158 159
Results 160

Description of consumers 161
The description of consumers according to the gender, age and educational level is 162 described in Table 3 and 10 % of the consumers were 18-25, 26-40, 41-60 and > 60 % of age respectively. 168
Habits of European consumers regarding pork consumption 169
In general, over ninety percent of consumers ate fresh pork > 2 times/week (ES 95.5 %; 170 UK 97.3 %; IT 92.9 %) except for FR (34.8 %). The most consumed product was dry 171 cured ham in ES and IT, cooked ham in FR, and sliced bacon in UK (Figure 2) . 172
In general, the percentage of respondents responsible for buying fresh pork in their 173 household was 86.4 % (Table 4) . In all countries, women were more responsible for 174 buying fresh pork than men, and they were mostly between 41-60 years old. Eighty-175 eight percent of respondents were partially responsible for cooking at home. Women 176 were more responsible for cooking at home than men. France was an exception, where 177 percentages were very similar 49.6 % women and 50.4 % men cooked at home. 178
Considering all respondents, 43.5 % use to eat the pork with the fat in all the countries 179 (36.4 % of women and 53.1 % of men). Considering the place of purchasing fresh pork 180 meat, the supermarket was the most common one, followed by the butcher and finally 181 the traditional market. 182
Sensory evaluation 183
The hedonic evaluation of in-mouth feeling and of the intensity of salty, meaty and fatty 184 tastes did not result in any consistent difference between meat sample groups and it is 185 not presented. 186 In consumer test 1 (ES & UK), significant differences (P<0.05) were observed for the 192 hedonic attributes assessed by the consumers (delicious, odour and taste). In all the 193 cases, the score given to the meat from FE and MBT was significantly higher (more 194 favourable) than the one given to the meat from LBT (Table 6 ). With regard to the 195 intensity evaluations, significant differences were observed between type of meat when 196 considering strength of odour and strength of taste (P<0.05) whereas no differences 197 were observed when taking into account the attributes abnormal odour and abnormal 198 taste. Results showed that the strongest odour was observed in MBT and FE meat, and 199 the highest strength of taste was observed in MBT in comparison to LBT. 200 In consumer test 2 (FR & IT), significant differences (P<0.05) were observed for the 201 hedonic delicious, odour and taste (Table 7) . For all of them, HBT meat was rated worst 202 (lower scores) than FE meat. Considering the intensity scores, significant differences 203 (P<0.05) were observed for the attributes strength of taste and abnormal taste. In both 204 cases, HBT received the highest score (strongest taste and abnormal taste). from Reading) comprises respondents that gave high scores to all types of samples. 215
Differences between meat sample groups, within experiments. 187
These consumers were labelled as 'Pork lovers'. 216  The second cluster (n=59, 21.7 % of the sample; 30.5 % from Barcelona and 69.5 % 217 from Reading) comprises respondents that liked the boar taint and therefore, the 218 higher the level of boar taint, the higher the score to the attribute. These consumers 219 were considered as 'Boar meat lovers'. 220  The third cluster (n=44, 16.2 % of the sample; 25.0 % from Barcelona and 75.0 % 221 from Reading) comprises respondents that did not liked the boar taint and therefore, 222 the higher the level of boar taint, the lower the score to the attribute 'Delicious'. 223
These consumers were labelled as 'Reject boar tainted meat'. 224
The three clusters did not display any relevant difference on the basis of demographic 225 data variable (age, gender and educational level). 226
Consumer segmentation in consumer test 2: France and Italy 227
As observed in consumer test 1, due to the fact that the interaction between Type of 228 meat and Country was not significant, results are presented considering consumers from 229 the two countries together. In this consumer test, a total of four clusters were identified 230 on the basis of 'how delicious do you find this meat' (Figure 4) . 231  The first cluster (n=136, 49.5 % of the sample; 57.4 % from France and 42.6 % 232 from Italy) comprises respondents that gave high scores to all types of samples. 233
These consumers were labelled as 'Pork lovers'. 234  The second cluster (n=34, 12.4 % of the sample; 23.5 % from France and 76.5 % 235 from Italy) comprises respondents that liked the boar taint and therefore, the higher 236 the level of boar taint, the higher the score to the attribute. These consumers were 237 considered as 'Boar meat lovers'. 238  The third cluster (n=55, 20.0 % of the sample; 49.1 % from France and 50.9 % from 239 Italy) comprises respondents that did not liked the HBT meat and therefore, the 240 higher the level of boar taint, the lower the score to the attribute 'Delicious'. These 241 consumers were labelled as 'Reject boar tainted meat'. 242  The fourth cluster (n=50, 18.2 % of the sample; 52.0 % from France and 48.0 % 243 from Italy) comprises respondents that gave low scores to the meat with LBT. These 244 consumers were labelled as 'Reject low boar tainted meat'. 245 246
Discussion 247
In the present paper, two consumer studies were carried out with the aim to ascertain 248 consumer acceptability of boar meat with different levels of boar taint. Due to practical 249 reasons, meat was collected in Spain and France, chemically analysed in terms of 250 androstenone and skatole levels, and then distributed to two other countries: meat from 251 Spain was used for the consumer test for Spain and United Kingdom, and meat from 252
France was used for the consumer test carried out in France and Italy. It is interesting to 253 highlight that, consumer test 1 was planned in two countries where, as pointed out by 254 Frederiksen et al. (2009) , were used to the commercialization of meat from entire male 255 pigs, whereas consumer test 2 was carried out in two countries where consumers were 256 not used to this type of meat: in 2008, the percentage of production of castrated male 257 pigs was estimated as 33.2 % in ES, 2.1 % in UK, 97.5 % in FR and 100 % in IT. 258 It is also interesting to point out that, in the two consumer studies, consumers were able 259 to taste meat from entire male pigs with such low levels of boar taint comparable to the 260 levels found in meat from gilts (Bonneau & Chevillon, 2012 ; type of meat LBT -low 261 boar taint-and FE -meat from gilts). Additionally, each study had a third type of meat 262 with medium levels (MBT in study 1) or high levels (HBT in study 2) of boar taint. 263
Methodology used 264
As reviewed by Font i Furnols (2012), the methodologies used in the already published 265 papers are very diverse and therefore, it is difficult to compare the results among them. 266
Issues such as type of meat (loin slices, chops, cutlets, mince meat, fat, bacon, dry cured 267 ham...), location of the test (hall or home test), cooking procedure (including cooking 268 device, cooking time and temperature), type of meat samples (meat from gilts, castrated 269 pigs and/or from entire male pigs), level of boar taint in the assessed meat, and the type 270 of attributes and scales used during the consumer test are only some examples. As stated 271 in the methodology section, in this paper we used meat from the Longissimus lumborum 272 muscle from the 1 st lumbar vertebra to the last rib, and on the day of the consumer test, 273 the meat was cut into 0.5 cm thick slices with a maximum of 5 mm of subcutaneous fat. 274
The acceptance of boar meat is assumed to be dependent on the sample preparation and 275 presentation. In this study, meat samples were cooked on a hot plate and were served 276 uncovered to the participants to simulate a meal at home. This kind of preparation is not 277 very common in previously published papers although it is very similar to the type of 278 preparation that consumers usually do at home. Since AND and SKA are predominantly 279 released during heating (Lunde et al., 2008) , the intensity of these volatile compounds is 280 expected to be higher during the preparation than at consumption. In our study, 281 consumers were not involved in the cooking process. Therefore, due to the fact that the 282 meat came from a very lean piece of meat, the thickness of the sample and the fact that 283 it was served uncovered, the methodology used in the present paper could minimize the 284 perception of boar taint. 285
Overall acceptability 286
Taking into account that different methodologies have been used in the already 287 published consumer tests carried out in different countries (reviewed by Font i Furnols 288 (2012), results obtained in a given country cannot be extrapolated to another one. The 289 present paper, however, provides the results from 4 countries using the same 290 methodology. 291
In terms of hedonic assessment, in consumer test 1 (ES & UK) meat with low levels of 292 boar taint (LBT) was worst rated than meat with medium boar taint levels (MBT). 293
Considering consumer test 2 (FR & IT), meat with high levels of boar taint (HBT) was 294 worst rated than meat from female (FE), and meat with low levels of boar taint (LBT) 295 was scored in between. In the two countries were consumers are used to eating boar 296 meat (consumer test 1) the meat with medium levels of boar taint was scored better than 297 the meat with low levels of boar taint, whereas in the two countries were consumers 298
were not used to eating meat from entire male pigs (consumer test 2), the higher the 299 level of boar taint, the worst score given by the consumers. Since the results obtained 300
were not conclusive, the need of an extra statistical analyses was identified. 301
To the best of our knowledge, the cluster analyses with the aim to identify consumers 302 segmentation based on the question 'How delicious do you find this meat (with different 303 levels of boar taint)' has not been applied yet. So far, consumer segmentation was 304 identified on the basis of the sensitivity test described by (Weiler et al., 2000) based on 305 smelling crystals of pure androstenone. 306
Consumer segmentation based on the hedonic attribute Deliciousnes 307
To identify the existence of market segmentation, a hierarchical cluster analysis was 308 conducted for each consumer test. As a result, similar cluster solution was identified as 309 best explaining data for each consumer study. Three groups or clusters were identified 310 in consumer test 1 (ES & UK), and four in consumer test 2 (FR & IT). Interestingly, 311 although the boar taint level of the most tainted type of meat (Table 1) Since the levels of boar taint were higher in consumer test 2, and due to the fact that 341 the consumers that tasted this meat were not used to boar meat, it was expected to 342 find a higher percentage of consumers rejecting the boar tainted meat. It is interesting 343 to highlight that the type of meat scored below 5 (in a 9-point scale) was HBT for 344 consumer test 2, and MBT for consumer test 1. In both cases, the meat with LBT was 345 scored in-between, but with scores around 5. Therefore, these consumers rejected 346 meat with medium or high boar taint, but not the type of meat with low boar taint. 
Conclusions and implications 369
The present study shows that, when eating fresh pork (loin 0.5 cm thick with 5 mm back 370 fat, cooked in a hot plate and served uncovered), different groups of consumers could be 371 identified on the basis of 'How delicious do you find this meat'. Among them, a group of 372 consumers that like pork meat (49.5 -62.1% of the participants), a group of consumers 373 that prefer meat with boar taint (12.4 -21.7 %) and a group of consumers that reject 374 boar tainted meat (16.2 -20.0 %) has been identified. Results suggest that there is a 375 group of consumers may reject meat with boar taint, but there is also a niche for meat 376 from medium and high levels of boar taint in the cities studied. Therefore, the present 377 research identifies a need to develop tools to select and classify carcasses on the basis of 378 boar taint level. This situation can influence pork consumption so that it might 379 guarantee that consumers do not purchase pork with inadequate sensory quality. Table 3 . Description of consumers according to gender, age and educational level. 468 Table 4 . Frequency (%) of consumption of different pork products according to each 469 country participant in the study. 470 Table 5 . Significance levels within a consumer test: consumer test 1 carried out in Spain 471
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